Minerals derived from catchment soils were determined using FTIR spectroscopy in the well-dated core OW4 from Lake Ossa, a lowland rainforest area in Cameroon. This quantification provides a hydrologic record indicating that the magnitude of runoff events, and by inference, rainfall pattern, has varied during the Late Holocene. The comparison between minerogenic inputs and vegetation changes improves the understanding of the inferred climate dynamics. Since at least 5400 cal yr B.P., the paleomonsoon rainfall intensity decreased, as shown by a general decrease in mineral fluxes. This observation is consistent with a gradual weakening of the boreal summer insolation in tropical latitudes. However, the major vegetational change lags behind the onset of the decrease in mineral fluxes. From 2800 to ca 1000 cal yr B.P., the forest receded: the amount of rainforest taxa decreased and is replaced by pioneer trees and Poaceae, when the mineral fluxes attained their lowest values. This episode of maximum dryness is attributed to an abrupt climatic event of globà1 significance which is superimposed onto the paleomonsoon variability. It is related to a cold event, which in turn produced a change in the lower atmospheric circulation that was characterized by a strengthening of northern trade winds, probably correlated with sea-surface temperature variations in the eastern
INTRODUCTION
Previous studies have shown that environmental and climatic conditions during the Late Quaternary in the rainforest realm of Westem-and-Central -Atlantic Afrirä Tltffërëd significantly from pose now prevailing over this area (Maley 4991; Pokras and Mix, 1985; Street-Perrott and Perrott, 1993 ; V!ncens et al.,
.
. - --1999) . In this lowland humid region, located within the domain of the permanent Atlantic monsoon, climatic fluctuations expressed themselves as changes in the hydrological balance, involving precipitation, evaporation, and runoff. While evaporation and runoff undoubtedly played a part, rainfall variation was the decisive factor in these environmental modifications. To precisely determine the timing of the rainfall fluctuations, a multiple proxy approach is necessary, owing to the specific inertia of each individual paleoenvironmental parameter. This is especially so when the study area is located in the rainforest realm, an environment which is rather insensitive to small changes in rainfall. N6tal.de transformations of the rainforest cover will occur only beyond a certain threshold, when environmental boundary conditions are reached. That is why the timing of rainfall fluctuations can be misinterpreted if it is based solely on the vegetation changes, the dynamics of which is unknown. As most of the earlier paleoclimatic studies of continental records in this area were based mainly on vegetation evolution inferred from palynological data (Elenga et al., 1996; Giresse et al., 1994; Maley, 1996; Vincens et al., 1998) , we propose to use the mineral contents of the sediments to characterize the sedimentary dynamics, and thus the paleoenvironmental changes. Indeed, the good chronological control enables the computation of the fluxes of mineral inputs from the surrounding soils into the lake basin. Such an approach has demonstrated its accuracy in establishing the link between basin erosion and landscape change during long time scales (Edwards and Whittington, 2001 ).
This work, based on quantification of minerogenic phases of sediments by Fourier transform infrared (FTIR) spectroscopy provides information on:
STUDY AREA
The study area is located in Cameroon (lat. 3"50' N, long. 10" E) near the Gulf of Guinea (Fig. 1) . It corresponds to the catchment basin (204 k m ' ) of lakes Ossa (37.6 k m ' ) , Mévia (7.5 k m ' ) , and Mwembé (2.8 k m ' ) . This lacustrine complex is bounded by two sets of deep-seated faults, trending N40" E to N65" E and N150" to N170" E, and forms part of a tectonic unit of post-Eocene age located on the edge of the Douala basin (Elf-Serepca, 1987; Njiké Ngaha, 1984) . The present-day water bodies were formed recently, probably after 18,000 cal yr B.P., after the silting up of the southern border of the catchment basin by alluvium from the Sanaga River.
The studied catchment basin is a low-lying plain ( Fig. 2 ) made up of spherical hillocks separated by fairly steep-sided valleys. The mean height above sea level is about 60 m, with the highest point at 165 m on the eastem edge of the catchment (Wirrmann, 1992) . The interfluves are covered by a network of near-perennial brooks that are more numerous in the northern part of the catchment ( Fig. 2A) . The higher ground is bordered by low-lying areas th.at are flooded by water sheets of variable extent and with depths of less than 8 m. These water sheets are at an elevation of 8 m above sea level and the lakes Mwembé, Ossa, and Mévia have a 3-km-long common outlet to the Sanaga River (Fig. 2) . The total thickness of lacustrine sediment is unknown. For the period January 1993 to December 1996, our field observations show the rapid response of lake level to modem precipitation patterns. The highest lake levels occur with a short time delay after the rainiest month, and the lowest lake levels occur at the end of the dry season. With respect to the base level (8 m asl) the mean amplitude of oscillations in water depth is +4.5 m each year. The highest water stages are marked on some places along the shorelines by vegetationless sandy strands.
The catchment soils are derived from Tertiary sedimentary rocks. In the whole catchtment basin the soils are fairly homogeneous, and there is a sole rocky outcrop located at the northern border of the marshy area adajacent to Lake Mévia (Fig. 2B) . The soils are represented by yellow leached ferralitic type soils associated with hydromorphic soils in the interfluves (Ségalen, 1994) . They are sandy to sandy-argillaceous, consisting dominantly of quartz and subordinate kaolinite (the only clay mineral that is present), associated with variable but small amounts of gibbsite and goethite. Locally, traces of other primary minerals, such as feldspars, derived from the parent rock, are also observed (Ségalen, 1994) .
The Lake Ossa region is located in the permanent Atlantic monsoonal domain. It has a seasonal equatorial climate (Suchel, 1988) characterized by a dry season of three months (December to February, with less than 50 mm monthly precipitation) followed by nine rainy months. A decrease in rainfall during June marks the "little dry season." Annual rainfall averaged 2947 mm at the S.A.F.A. CAM station (Société Africaine, Forêts et Agriculture, Cameroun) for theyears 1952-1996 ( tropical lowland rainforest of the Guinean-Congolian type, defined by White (1986) as an ombrophilous evergreen Biafrean forest. Its principal characteristic is a high proportion of trees pertaining to the Caesalpiniaceae family (Letouzey, 1985) . Since the beginning of the 20th century the forest has been replaced on the southwestern banks of Lake Ossa by commercial plantations of Hevea and oil palm (Anonymous, 1990) . On the eastern parts of the catchment, recent human activities (food-producing cultivation, clear-cut logging) have also altered the rainforest cover. Former human settlement is poorly documented, especially for the Cameroonian Atlantic littoral area. So far, the only evidence of earlier human settlement in the Lake Ossa catchment is related to the Late Iron stage, which is dated at between 7001 and 500 cal yr B.P. (Wirrmann and Élouga, 1998) . On a local scale, human impact may have been significant from that time on, as the need of wood for iron reduction may have been conducive to land clearance on small forest areas.
SAMPLES AND METHODOLOGY
This work links present-day distribution of sediment types to the environmental conditions that produced the sediment. In a tropical forest environment, surface runoff remains weak outside of cleared areas, and detrital inputs do not originate from overland flow but rather from the scouring of river banks that provide the solid load according to the river discharge. Thus, the primary control on sediment supply is the volume of water flow such that the amount of particle transport into the basin depends on the rainfall intensity. Such a relationship between monsoon precipitation and the solid discharge load of rivers is evident throughout intertropical woodlands, and has been documented both in large catchments (Giresse and Barusseau, 1989; Orange et al., 1995; Schneider et al., 1997) and in smaller ones (Cook et al., 1998) . Due to the homogeneity of the soils from Lake Ossa catchment, the sole source of minerogenic inputs into the lake, the only cause of differentiation of sediment types is the energy level of the depositional environment. Two main lacustrine sediment types are recognized, corresponding to the preferential inner lake water path flow zones and to the sheltered areas, respectively. Hence, at a given location in the lake, variation of sediment types on long Holocene time scales can be related either to local conditions, e.g., changes in patterns of water movement through the lake, or to a regional climatic shift in rainfall. The proposed multiproxy approach gives clues to discriminate between these two causes.
Mineralogical Analysis
Quantification of the mineralogy of present-day deposits is derived from the analysis of 140 samples distributed over the whole basin (Fig. 2C ). These samples represent superficial deposits that were collected in the water bodies, in some of the tributary inflowing brooks and from marshy sites or soils and spring-heads' exsurgences. The interpretation of the changes in sedimentation during the Late Holocene is based on the analysis of a 8-cm-diameter and 555-cm-long profile (OW4) taken by vibracore. This core (located at 3O48.3' N, lO"0.6' E) was retrieved during the dry season from 1.75-m water depth in a sheltered zone located to the northwest of the largest island in Lake Ossa (Fig. 2C) . The whole core was subsampled continuously in cubic boxes of 6.67 cm3. In addition, 36 samples-each of 1-cm depth-were taken for mineralogical studies, with a 5-to 20-cm sampling interval. The dry density of the sediment was obtained by weighing the cubes after drying for 8 days at 40°C.
Smear slides of bulk sediment from each sample were used to identify the different constituents and to estimate their relative abundance and particle size. Qualitative analysis was first carried out by XRD on some samples of bulk sediment and the clay-size fraction. Then, quantitative modal analyses of the main mineral constituents present in the sediment (quartz, kaolinite, gibbsite, orthoclase, and siderite) were obtained by FTIR spectroscopy for the entirre set of samples, applying the analytical method developed by Bertaux et al. (1998) . Mid IR spectra of the ground sediment in KBr pellets were measured and compared to spectra of pure i'nineral phases similar to the ones found in the sediments. Each spectrum represents the IR absorbance, which is linearly correlated to the composition and the mass of constituents in the KBr pellet. Spectra of the pure mineral phases are mathematically processed to determine the proportion of the mineral constituents from sediments. The good correlation between quantitative results from FTIR spectroscopy and chemical analyses has been presented and discussed elsewhere . The FTIR results are expressed in weight percent of dry sediment, which allows a direct conversion into fluxes (see below). The results were then compared with the palynological and diatom data obtained on the same core (Reynaud-Farrera et al., 1996; Nguetsop et al., 1998) .
Chronology
The dating of core OW4 was based on eight accelerator mass spectroscopy radiocarbon ages obtained on bulk organic matter (Table l) , excluding the macroflora remains represented by only three unidentified seed-cases (Fig. 4) . The calibration of the conventional 14C ages was carried out according to the dendrochronological correction factors of Stuiver and Pearson (1993, MacCALIB 3 .0.3~ program) from 6I3C normalized ages without correction for the old carbon effect (we have no idea of its value in this area). The distribution of the calibrated dates and their relative 1-sigma ranges as a function of core depth were used to calculated an interpolated calibrated age for each analyzed sample, using a smoothing second-order polynomial (Edwards and Whittington, 2001) , and the average sedimentary fluxes were determined for each mineral constituent by applying the following equation:
, ..I sediment flux = mineral abundance (%)
x sedimentation rate (cm . yr-').
These fluxes, expressed in mg cm-2 . yr-' are assumed to represent the input of each constituent independent of any dilution effect.
RESULTS AND DISCUSSION

Present-Day Mineral Distribution
Quartz, kaolinite, orthoclase, and gibbsite comprise the mineralogical fraction of the sediments and are associated with organic matter (mainly amorphous particles) and amorphous biogenic silica (mainly diatoms and few phytoliths) that form the remaining sediment fraction. The mean total carbon content in the sediments (n = 67 samples) is about 10%.
Kaolinite and quartz account for up to 74 and 94 weight% of the deposits, respectively, and are the main mineral constituents of the lacustrine sediments and soils, whether considered cumulatively or singly. They are associated with orthoclase (up to 22 weight%) and traces of gibbsite (up to 4.5 weight%).
Relatively high abundances of quartz (Fig. 3A) are encountered in the northern parts of lakes Ossa and Mévia, in particular near the shore and at the outlets of inflowing brooks, as well as at the outflows of these lakes and in the soil samples. The distribution of kaolinite is opposite that observed for quartz. Kaolinite is more abundant in the central parts of the water bodies ( Fig. 3B) and is rare or even absent at the mouths of inflowing brooks and at lake outlets. Orthoclase is found only in very small proportions, accounting for less than 1% of the mode in 70% of the samples collected from Lake Ossa. However, orthoclase reaches its maximum abundance in the northern part of Lake Mévia, in the southeastern part of Lake Ossa, and at its outlet (Fig. 3C) . Gibbsite is found in low amounts in all samples, but it is more abundant in sediments from Lake Mévia and from samples taken in the marsh located between lakes Ossa and Mwembé (Fig. 3D) . The relative proportions of kaolinite versus those of quartz and orthoclase taken together, expressed as the ratio K/(Q + O), can be used to characterize different zones in the study area. Each of these zones corresponds to a specific particle transport pattern in relation to the water flow and/or runoff that prevailed in the sedimentation area. Each type of environment is characterized by a particular trend of mineralogical composition (Table 2) . Two main groups of deposits (Fig. 3E) are differentiated by the values of their K/(Q + O) ratio: (1) sediments characterized by very low ratios ( t l ) , corresponding to the soils and stream channels, and (2) sediments with higher ratios correlated with the inner lake area or the marshy environment. The marshes are differentiated from the inner lake areas by their lower K/(Q + O) ratios. Quartz, kaolinite, and gibbsite are found in the present-day lacustrine sediments and are also the dominant phases making up the ferrallitic soil assemblages in the catchment (Ségalen, 1994) . This shows that the catchment soils are the source of the detrital inputs into the lakes. The gibbsite distribution suggests that this mineral is amarker of zones immediately adjacent to the steepest slopes in the catchment. Steep relief facilitates more intense physical erosion of the soils, which results in greater mobility of minerals from the deeper parts of the soil profiles. In this way the proximity of steep slopes to the lake enhances the deposition of gibbsite in the lacustrine sediments. This interpretation is consistent with the absence of gibbsite in the superficial soils (Table 2) . It also agrees with observations relative to similar rainforest soils from Amazonia showing that gibbsite does not occur at the top of the soil profiles but only at their base (Lucas et al., 1993) . Orthoclase is a primary mineral relic and is also found to be absent in the superficial soil samples (Table 2) . Its origin may be related either to the deepest pats of the soil profiles or to the remobilization of preexisting fluvial sediments though lacustrine flooding. As the highest percentages of orthoclase are recorded in the northern part of Lake Mévia and in the part of Lake Ossa that receives waters from Lake Mévia, its parent rock could be the rocliy outcrop (today a working stone-pit) located at the northern border of the marshy area adjacent to Lake Mévia.
This spatial distribution of terrigenous niineral in the sediments shows that the preferential feeding areas correspond to the northern banks of the water bodies (steepest slopes and highest topography, with a densely developed tributary network). The highest quartz and orthoclase amounts in the sediments reveal the zones where detrital input is currently active, and the medium to high percentage contents are seen to reveal the main paths of water flow in the lacustrine system. The importance of terrigenous mineral transport toward the lakes, as well as within the water bodies themselves, depends on the intensity of water flow. Areas enriched in quartz and orthoclase are more or less extensive in relation to the movement of water masses within the lakes. In this way, the intensity of rainfall activity on the catchment basin causes change in sedimentary dynamics recorded across the studied area. The drainage basin of Lake Mévia, as strictly defined, currently plays an important part in the present-day dynamics of detrital supply within the setting of the lacustrine complex, even though it covers an area of only 41 km2, i.e., only 20% of the whole catchment basin.
Upper Holocene Sedimentation
Core OW4 has a length of 555 cm and lacks any trace of laminations or bioturbation. It is composed of clayey organicrich mud of greyish olive-green color (5Y2.512) and is more compact from 85 cm downward (Fig. 4) . Distributed throughout the sediment column are some millimeter-scale clusters of vivianite particles, which are more abundant toward the base of the core, as well as three seed-cases. After calibration, the 14C ages obtained show that the sediment record covers a period from 5500 cal yr B.P. to the present day. Their distribution as a function of depth indicates that there has been no interruption in sedimentation. The interpolated calibrated ages obtained for each analyzed sample show that the resolution between the samples ranges from 25 to 295 yr, with the average resolution being ca 150 yr. The age distribution versus core depth reveals three phases of accumulation: (1) from the base of the core (depth interval 540-541 cm) up to 240-241 cm, corresponding to interpolated cal yr B.P. of 5360 to 3495, where the sedimentation rate was relatively high; 2) up to 70-71 cm (810 cal yr B.P.), where the profile records a clear slowing down of sedimentation; (3) above 70 cm, where the sedimentation rate increased.
The mineral constituents are the same as those encountered in the present-day superficial sediments, except at the base of the core. Between 555 and 140 cm, siderite occurs as small prismatic crystals (20-25 ,um by 5-10 ,um). In freshwater lakes, early diagenetic siderite formation requires the coexistence of ferric iron (Fe3+) and COZ produced by the bacterial degradation of organic matter in the water-sediment interface, leading to anoxic conditions. These conditions promote the reduction of ferric iron to ferrous iron (Fe2+) to bond with CO:! to form siderite (Berner, 1971) . Ferric iron in the catchment was probably derived from the soils and supplied as detrital iron oxides in the sediment load. Thus if adequate ferric iron is supplied to a lake system, the presence of siderite signals diagenetic anoxic conditions. That is why siderite in continental fresh lakes is most common in the deepest zone of the water bodies and embayments, which are least influenced by waves and currents (Baker et al., 1995; Zhang Xiouzhu et al., 1996) . Hence the absence of siderite may suggest a lowering of mean lake level orland insufficient supplies of ferric iron.
Kaolinite remains the major constituent throughout the core, with an abundance always higher than 57 weight%. Quartz, orthoclase and siderite represent less than 13,7, and 10 weight% of the sediments, respectively, while gibbsite remains less than 1 weight%. The respective percentages of each mineral fraction are presented as fluxes (mg -cm-' * yr-') versus cal yr B.P. (Fig. 4) . From the base of the core until ca 800 cal yr B.P., detrital inputs generally decreased, and from that date onward they increased slightly but remained lower than those of the basal core section. Kaolinite and gibbsite share the same pattern of fluctuations, as do quartz and orthoclase, which are the only constituents to show increasing fluxes between 5400 and 4100 cal yr B.P. Siderite is absent from ca 2000 cal yr B.P. onward. At deeper levels, its fluxes show a high variability, with a general decreasing trend from the base of the core until 3800 cal yr B.P., and between 3800-2000 cal yr B.P. it is present only at very low amounts. Since high amounts of siderite are correlated with the highest observed values of the other detrital inputs, its presence must be primarily associated with high-level detrital supplies into the lake.
The fluctuations in the K/(Q + O) ratio differentiate three main episodes (Fig. 4) . The first one extends from 5400 to 4100 cal yr B.P. and is characterized by a steady decline of the ratios. Then, up to 2600 cal yr B.P., they vary slightly around the lowest values recorded for the whole core profile. From 2600 cal yr B.P. onward, they increase in two steps, intempted by a lowering trend between 1000 and 600 cal yr B.P.. By analogy with the modem distribution of terrigenous mineral in the sediments (Table l) , these variations are interpreted in terms of water flow strength: The two basal episodes are characteristics of an initial stage of relativly strong water flow followed by a stage of lower water flow.
Throughout the duration of the sedimentary record, the persistence of a forest environment is demonstrated by the relative proportion of arboreal pollen (AP) to nonarboreal pollen (NAP), expressed as the ratio APiNAP (Reynaud-Farrera et al., 1996) : It remains higher than 55%, although the vegetation records several changes in its floral associations (Fig. 4) . Two main states of the vegetation cover are clearly identified, with the change between the two occuring between 2800 and 2600 cal yr B.P. Before 2800 cal yr B.P., the vegetation is characterized by relatively high and increasing percentages of rainforest taxa (Caesalpiniaceae + Sapotaceae + Martretia) and low percentages of heliophilous taxa (pioneer trees such as Alchornea and Macaranga genus) and Poaceae. After 2600 cal yr B.P., the vegetation associations show an abrupt change, marked by increasingly abundant heliophilous taxa and Poaceae, which is coeval with a lowering in the importance of rainforest taxa. The maximum degradation of the rainforest, recorded between ca 2500 and 1500 cal yr B.P., was followed by a progressive recovery, which was interrupted between 1000 and 600 cal yr B.P. As human activities have been identified mainly between 700 and 500 cal yr B.P. (Wirrmann and Élouga, 1998) , the observed rainforest degradation from 1000 until 600 cal yr B.P. might be related to human settlement. Indeed the forest cover is more sensitive to anthropogenic perturbation at the onset of its recovery.
The lacustrine environmental changes are also documented by the diatom analysis (Nguetsop, 1997; Nguetsop et al., 1998) . The present-day diatom associations in the sediments sampled in the Sanaga River are characterized by the presence of Acanthes Ianceolata associated with Cymbella silesinca, Gonphoiieina Iingilatijornze, Navicula pupilla pupula, N. cryptofenella, Aulacoseira italica, N . concinna, N. haimansii, and Staiironeis crucicula, all species that are absent either in the superficial sediments from the lakes or in the core profile. This observation shows that water inflow from the Sanaga River into the lacustrine basin or changes in patterns of water movement between the lacustrine complex and the Sanaga River never occured during the last five millenia. Throughout the core, according to the diatom paleoflora associations, a relative stability of the lacustrine environment is observed. Nevertheless, two notable environmental modifications are recorded along time: (1) The lowest amounts of planktonic diatoms are observed between 3000-2600 and 2200-2000 cal yr B.P., suggesting that the lake reached its lowest level during those time periods, and (2) from 2800 cal yr B.P. (Fig. 4) , the appearance of exotic diatoms such as Aulacoseira granulata var. valida, A. granulata var. tubulosa and Stephanodiscus neoastren occured suddenly. These exotic diatoms, typical of large and deep lakes, comparable to those occuring in the Lake Chad sediments, correspond to wind-blown diatoms (Nguetsop et al., 1998) . Their presence in Lake Ossa sediments marks a major transition in the windiness and/or aridity, and the time 2200-2000 cal yr B.P. must have been particularly windy and/or arid.
The consideration of these mineralogical results and the biomarker data together enable a more precise interpretation of the temporal relationship between hydrological variations and vegetational changes recorded in the core profile. This set of data shows that the lower part of the Late Holocene was wetter than the two last millenia, with the shift to drier conditions occuring during the time interval 2800-2600 cal yr B.P. However, given the regular decrease in detrital fluxes since the beginning of the mid Holocene, a progressive trend to drier conditions is recorded earlier in the mineral data than in the vegetation.
PALEOCLIMATIC INTERPRETATION
Present-Day Climatic Pattern over Western Central Africa
The modern rainfall pattern is directly correlated with the atmospheric dynamics, governed in the lower atmosphere by the circulation of the northeastern and southeastern trade winds (or trades). These winds converge toward the Meteorological Equator (ME), which corresponds to the tropical low-pressure belt 
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, + and which is also known as the Intertropical Convergence Zone over the ocean. The southeastern trades turn into southwestern Atlantic monsoon air flows as they cross the geographical equator, conveying humidity into the continent. The pluviometry is determined by the seasonal shift in the position of the ME (Fig. 5) , in relation to the seasonal pattern of incident radiation, the atmospheric circulation being enhanced by the temperature contrast between land and ocean (Dupont et al., 1998) . Over the continent and at high altitudes (less than 500-hPa pressure) the ME presents a vertical structure (Fig. 5A) , called Vertical ME (VME). It corresponds to the elongation of the oceanic structure, and fluctuates quite independently of the surface conditions between latitudes 10" and 1 2 O South and North, during the boreal winter and the boreal summer, respectively (Leroux, 1998) . In the lower atmospheric layers, the ME presents an inclined structure, forming a dipping plane that is the Inclined ME (WIE), marking the boundary between the dry northeastern continental trades and the moist southwestern monsoon (Fig. 5A ). Its seasonal migration is larger, being linked to the surface thermal conditions (between latitudes 23" S and 23" N). The VME corresponds to the maximum convective activity area (Lahuec, 1994) and, in turn, to continuous and abundant monsoon rains. By contrast, the JME induces random rainfall produced by squall lines and local storms of short duration. The different perturbations of the rainfall distribution in space and time are mainly due to (1) the availability of the Atlantic flow conveying precipitable water that controls the duration of the dry season and (2) permanent or seasonal inhibiting factors (Wauthy, 1983) , such as subsidence of upper tropical air or cooling of lower air due to upwelling, which prevents water from falling in the upwelling neighboring continental areas. The first parameter is influenced by the sea-surface temperatures (Nicholson and Entekhabi, 1987; Janicot and Fontaine, 1997; Servain et al., 1998) , and the intensity of moisture exchange between ocean and the lower layers of air is reduced by cold oceanic waters.
Late Holocene
The changes in rainfall intensity with time are related to longterm monsoon circulation variations which are mainly driven by the 23,000-yr precessional cycle in low latitudes. The maximum boreal summer insolation in northern tropical latitudes induces maximum monsoonal inflow of moisture-laden air over Africa (Kutzbach and Street-Perrot, 1985; DeMenocal andEnd, 1993) . From 11,000 yr onward, the orbital insolation has decreased regularly over the Northern Hemisphere at tropical latitudes (Berger and Loutre, 1991) : At the present day, perihelion occws during January, but 11,000 yr ago it occured during July, making Northern Hemisphere summers warmer than those of today. After a period of maximum insolation during the early Holocene, which lasted until ca 6000 yr B.P., the ongoing decrease of monsoonal intensity led to a general drier trend from the late Holocene onward, which marks the termination of the Afìican Humid Period (DeMenocal et al., 2000; Ritchie et al., 1985) . The progressive decrease of the fluxes observed in core OW4 after 5400 cal yr B.P. fits well with the regular decrease of boreal summer insolation over Africa and supports the interpretation of detrital mineral fluxes as proxies of mean rainfall intensity.
In this context of general rainfall decrease, the time interval 2800-2600 cal yr B.P. is a turning point that marks the onset of a dryness maximum. In the Gulf of Guinea area, previous studies have also documented the occurrence of such a climatic event. According to the hydrological sensitivity of the different studied regions, the paleoenvironmental changes will not present the same pattern. In the western Cameroonian region, drier conditions are recorded at Shum Laka cave between ca 3000 and 2000 yr B.P. (Moeyersons, 1997) and the vegetation cover around lakes Barombi Mbo, Mboandang, and Nyos record a rapid change characterized by an abrupt increase of Poaceae abundances from ca 2500 until ca 2000 yr B.P. (Giresse et al., 1994; Richards, 1986; Zogning et al., 1997) . In Congo, drier conditions have also been documented at lakes Kitina and Sinnda between 2500 and ca 1100 cal yr B.P. These drier conditions, which are marked by the expansion 0f swampy and heliophilous arboreal taxa in the Kitina drainage basin and by the disappearance of the forest and the extension of open formations of savanna type in the Sinnda catchment (Elenga et al., 1996; Vincens et al., 1998 Vincens et al., , 1999 , are coeval with a steady decline of mineral fluxes in both lakes . The regional extension of this perturbation, and its synchronous onset, reflect an abrupt climatic change independent of human impact.
This change could have been caused by a modification in the temporal distribution of rains (i.e., the intensity of dry season) andlor oceanic cooler sea-surface temperatures, which in turn gave way to an increasing aridity in the Gulf of Guinea area by reducing the availability of moisture (Jansen et al., 1996) . During the boreal winter, when the IME is at its southernm'ost position, the dry northeastern continental trades (also called harmattan) blow off the northeastern African region into the Gulf of Guinea and give rise to the transport of aerosol (Dy Almeilda, 1986; Jankowiack and Tamé, 1992) . The dusts originate mainly from the southern Saharan and Sahelian regions kalu lu, 1979), carrying windblown diatoms derived from the deflation of diatomaceous deposits in Saharan dry lake beds. From 2800 cal yr B.P. onward, the presence of exotic diatoms in the OW4 profile (Fig. 4) can be regarded as an indicator of harmattan penetration over the Lake Ossa catchment. Since the rapid degradation of the rainforest between 2600 and 2000 cal yr B.P. is coeval with the maximum abundances of exotic diatoms, the degradation of the forest is likely due to a change in the atmospheric circulation pattern of the trade wind system, which superimposed on the long-term monsoon changes.
One hypothesis that could explain the strengthening of the harmattan is a rapid atmospheric circulation mode (the glacial mode) presented recently by Leroux (1998) . This author ascribes the strengthening of the trade winds to the anticyclonic movement in the tropics of Mobile Polar Highs (MPH), which are large lenses of cold air (Fig. 5B) . In the lowler atmospheric levels, these highs propagate from high latitudes tmoward the tropics in a southeasterly direction in the Northern Hemisphere and in a northeasterly direction in the Southern Hemisphere. Their strength depends on low initial temperatures in polar areas; the lower the temperature, the stronger will be the MPHs. The hypothesis of a rapid circulation mode from ca 2800-2600 cal yr B.P. in the Northern Hemisphere agrees with the evidence for a contemporaneous and abrupt climatic change to cooler and wetter conditions in the temperate and boreal zones of Europe, North America, and Japan at ca 800 cal B.C. (Brown et al., 2000; Edwards and Whittington, 2001; van Geel et al., 1996) . Moreover, according to geochemical data obtained on the GISP2 Greenland ice core, each one of the recognized Holocene cold phases is characterized by an intensified polar atmospheric circulation in the North Atlantic area (O'Brien et al., 1995) . Thus, the environmental change recordedin the Lake Ossa cauchment indicates a strong interrelationship between tropical and extratropical regions, documenting a strong, in-phase link between millenial-scale variations in high-and low-latitude climate during the middle Holocene. Van Geel et al. (1999) argue that the driving mechanism explaining this mid-Late Holocene climatic event might result from fluctuations in solar activity caused by changes in solar UV or solar wind and cosmic rays. This dry event is interrupted at ca 1000 cal yr B.P., despite the persistence of harmattan after that time, and this interruption is also recognized in Congo (Vincens et al., 1998 (Vincens et al., , 1999 . These results suggest that this climatic event may also be sought in the coupled atmosphere-ocean surface system: A fall of seasurface temperature (SST), leading to less convective activity in the lowlands caused by the formation of nonprecipitating stratiform clouds, may have played a role in combination with the strengthening of the harmattan. This scenario agrees with the increase of the precipitation/evaporation ratio at Lake Bambili (West Cameroon Highlands) observed between 2700 to ca 2000 cal yr B.P. (Stager and Anfang-Sutter, 1999) , which is interpreted as a strengthening of stratiform cloud formation by the authors. The importance of the interrelations between seasurface-temperature variability and the north-south shifts of the ME has been interpreted as a dominant forcing factor that accounts for climatic variability in the tropical Atlantic (Bigot et al., 1997; Fontaine et al., 1999; Kutzbach and Liu, 1997 ) and consequently moisture availability over the African continent.
CONCLUSION
This study shows that the distribution of mineralogical abundances with depth in Lake Ossa sediments records both the regional and local environmental conditions. The mineral composition of the sediment can be regarded as: (1) a proxy of mean rainfall intensity via the variations of mineral fluxes and (2) a proxy of water flow andlor runoff via the K/(Q + O) ratio.
A consideration of the mineralogical data and the biomarkers (pollen and diatoms) taken together enables a more precise interpretation of the paleoenvironmental changes recorded during the late Holocene. A general trend toward progressively drier conditions is recorded at least since 5400 cal yr B.P. This is linked to the regular long-term decrease of paleomonsoons related to the weakening of insolation in the tropical boreal Sumner. Within this general context, an abrupt climatic change toward a dryness maximum is superimposed onto the paleomonsoon variability. This event occured at 2800-2600 cal yr B.P. and lasted until ca 1000 cal yr B.P. and was related to a climatic pattern shift of global significance caused by a change in the lower atmospheric circulation. The change is characterized by the strengthening of northern trade winds, linked to a cold event in the northern high latitudes that is probably colrelated with sea-surfacetemperature variability in the eastern tropical Atlantic area. 
